Abstract-The paper presents the detailed analysis of the interconnect capacitance, crosstalk time and peak crosstalk voltage. The dependency of the couple capacitance and fringe capacitance on the interconnect layer dimensions affects significantly to the interconnect capacitance. The peak crosstalk time obtained to be 13 femtoseconds for 9.6 femtoseconds of propagation delay, while the maximum crosstalk voltage obtained to be 178 mV.
INTRODUCTION
The integrated circuits (IC) chip size, complexity, and device packing density continuously increases with the advances in technology [1, 2] . New techniques have resulted in reduction in the minimum feature size used in the IC'S. At the same time, improvements in materials technology have allowed integration of more and more devices on the same chip, resulting in increased area. According to theory of scaling [3] [4] [5] [6] , the smaller dimensions of an MOS transistor should enhance its speed. The cause of gate delay increase is that drain current decreases at low supply voltages. Furthermore, gate delay is increased by the higher junction capacitance at low supply voltage, because the depletion layer width becomes thin. In order to reduce the gate delay, high current drivability and low source/drain junction capacitance are indispensable. The physics governing the transistor favors this size reduction, the performance of the wires used for electrical interconnects does not significantly improve using this type of scaling. Thus, a new approach to signaling and clock distribution will be needed to take CMOS [7, 8] circuit performance beyond the limits imposed by electrical interconnects [9] [10] [11] [12] [13] . The low-k dielectric [14] interconnects have the potential to circumvent these limitations, provided a number of technological issues can be addressed.
As we continue to exploit deep submicron (DSM) technologies to design faster and smaller circuits, we must revisit the problem of calculating the gate propagation delay. With shrinking in device size the complexity of interconnect structure increases requiring multilevel interconnections to realize high performance and high functionality integrated circuits. However, the use of multilevel interconnections increases signal propagation delay and cross-talk in devices using conventional metal (Al) interconnects and silicon dioxide (SiO2) as the Interlayer Dielectrics (ILD) [15, 16] . The parasitic resistances and capacitances associated with such a contact technology severely degrade the device performance. Methods of reducing the source/drain area and hence the parasitic elements have been studied extensively. An increasingly method is to extend a low-resistivity and lowk dielectric materials allowing the contact to overlap onto, or be completely on the field oxide as shown in the following Figure 1 . Hence, we had carried out the analysis of various structural and electrical parameters such as the parasitic capacitance, crosstalk, and line signal [17, 18] . The paper has four sections; the following section two describes the brief experimental process, while section three has been dedicated for the results and discussion finally in section four we presented the concluding remarks. 
THEORETICAL MODEL
The low dielectric constant (k) materials are in the great demand as they are being used as ILD [18] [19] [20] for reducing parasitic capacitance and power dissipation in ULSI devices. The miniaturization of active passive devices in a modern microelectronics has led us to investigate for the new low-k dielectric materials which plays a vital role to reduce the capacitive delay, crosstalk noise, and therefore, improves the performance of the devices drastically.
It has been observed that the efficient performance of the VLSI can be achieved by reducing RC delay. Hence, we had focused on the dependence of capacitance of various structural and material parameters. The total capacitance is the summation of the coupled capacitance and area fringe capacitance i.e.,
where the suffix 'cou' is for couple, while the suffix 'af ' denotes area fringe. The coupled capacitance is the function of the structural parameters of the interconnect layers which is given by the following expression. 
Here, 't' is the thickness of the interconnect wire, A 1 , B 1 , C 1 and D 1 are structural parameters based variables. Similarly the area fringe capacitance is given by the following relation.
Again here A, B, C and D are the structural parameters dependent variables; E ox is the permittivity of low-k dielectric material SiCOH. 's' is the interwire spacing, w is the width of interconnect and h is the height of interconnect. A detailed analysis of the capacitance which shows great dependence on interconnect dimensions has been analyzed in the following section.
RESULTS AND DISCUSSIONS
It is important to observe from Figure 2 that interwire spacing is a very crucial structural parameter which drastically increases the total capacitance when the interlayers are closely packed. Hence, we are forced to increase the interwire spacing which reduces the packing density of VLSI, greater area of the wafer is required, length of interconnects are increased which results in the enhancement of the resistance and certainly the power consumption suddenly rises.
Interconnect total capacitance at any node contains three components: overlap capacitance, lateral capacitance and fringe capacitance. The fringe capacitance arises from the coupling of two conductors through the interconnect layers. Apart from the other capacitance contributions the interconnect capacitance depends on the interwire spacing and dielectric height. In Figure 2 a nonlinear variation of interconnect capacitance has been observed for the varying interwire spacing and dielectric height. The interspacing of 3 micron and dielectric height of 1.25 micron provides a proper compensate value of the interconnect capacitance. Since the parasitic capacitance is directly proportional to the area of fringe and couple capacitance, the total capacitance increases with the increase in dimensions of interconnect.
The Figure 3 shows the linear variation of the total capacitance for the varying wire thickness and wire width. The wire thickness has been increased up to 1.2 micron while the wire width is varied up to 2 micron, the peak capacitance has been observed for these two maximum values of the thickness and width of the wire. The increase in the total capacitance is attributed by the increase of a coupling capacitance and area fringe capacitance with the increase of the wire width and wire thickness. The area fringe is found to be smaller as compared to the coupling capacitance appears to the parasitic capacitance. Therefore, to improve the performance of the VLSI chip the dimensions of interconnects also plays a vital role.
The propagation delay is the function of the input transit time and output load. Hence, for reducing the transit time and output load the optimization of interconnect dimensions are required. Thus, the importance of the propagation delay due to internal resistance and the various parasitic capacitances has force us to realize the peak crosstalk time with respect to propagation delay. In Figure 4 , the linear increase in peak crosstalk time as a function of delay time has been depicted. The increase in the RC delay time enhances the parasitic capacitance and resistivity which introduces the crosstalk and noise in the integrated circuits. It has been revealed in the following figure that the peak crosstalk time increases from 6 femtoseconds to 13 femtoseconds for the corresponding values of delay time from 4.8 femtoseconds to 9.6 femtoseconds.
The concern about delay times on the chip and crosstalk between the components and signal traces has forced the researchers to investigate about the crosstalk time and the voltage occurs due to crosstalk time. The better designing of the VLSI deals with number of parameters amongst which interconnect and crosstalk time has been studied over here. The study has been extended to realize the peak crosstalk voltage as shown in the following figure. In Figure 5 variation of peak crosstalk voltage has been revealed for the simultaneous variation of interconnect wire width and thickness. The voltage varies from 41 mV to 178 mV, here we had varied the wire width from 0 to 2 micron where as the wire thickness has been varied from 0 to 1.2 micron. A nonlinear decrease in the peak voltage has been realized with the increase in the wire thickness, almost negligible effect of wire width on the crosstalk voltage has been observed.
CONCLUSIONS
The interconnect layer capacitance significantly gets affected by the interwire spacing and the interconnect perimeter. The peak crosstalk time shows the non linear increase with propagation delay. The peak crosstalk voltage founds to be maximum for the lower values of the wire thickness, while the wire width does not affects much on the crosstalk voltage. The dimensions of the interconnect, the capacitance, crosstalk time and crosstalk voltage needs to be optimized for designing a better, high speed and less power consuming VLSI chips.
